Cryoinjury in human granulocytes and cytoplasts.
Although most isolated cells can be successfully cryopreserved, human granulocytes have little functional recovery after cryopreservation, even under optimized conditions. Cytoplasts, which are vesicles created from human granulocytes by depletion of organelles including granules and the nucleus, can carry out some of the complex functions of the parent granulocyte such as phagocytosis of bacteria, even after cryopreservation. Human granulocytes and cytoplasts were used in this comparative study of low-temperature responses to assess the relative importance of the plasma membrane and the granules in cryoinjury to human granulocytes. Boyle-van't Hoff plots of cell volume as a function of the reciprocal of osmolality showed that granulocytes and cytoplasts have similar osmometric behavior and equivalent osmotically inactive fractions. The hydraulic conductivities were also similar, indicating that the osmotic properties of the plasma membrane and cytoplasm were retained during preparation of the cytoplasts. Assessment of membrane integrity using fluorescein diacetate after graded freezing stresses showed that the low-temperature responses of cytoplasts were similar to those of human lymphocytes and hamster fibroblasts, with recoveries much higher than those of human granulocytes, particularly after post-thaw incubation at 37 degrees C. The results indicate that the plasma membrane is not the primary site of injury to granulocytes during freezing and thawing, and suggest that activation of cytoplasmic elements, such as granules, may constitute the early events in cryoinjury to human granulocytes. These studies have significance in approaches to the cryopreservation of granulocytes and other types of cells, such as platelets, with increased sensitivity to the conditions encountered during freezing and thawing.